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The Regulation of Neutrophil Activation and Adhesion during 
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IDepartments of Vascular and Endovascular Surgery, and 2Professional Surgical Unit, 
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Objective: To determine the effect that revascularising chronic ritically ischaemic legs has no neutrophil activation and 
adhesion. 
Design: Prospective clinical study. 
Setting: University Hospital. 
Materials: Twenty-five patients, 16 men and nine women undergoing femorodistal surgery. 
Chief outcome measures: Venous blood assays for neutrophils expression of CDllb, neutrophiI adhesion, and the 
plasma concentration f the shed endothelial dhesion receptor, soluble intracellular adhesion molecule 1 (sICAM-1). 
Urinary microalbuminaemia was measured and expressed asan albumin/creatinine ratio (ACR), as a marker of vascular 
permeability and plasma neutrophil elastase as evidence ofneutrophil activation. Venous blood was taken preoperatively, 
during surgery and for the first 7 days postoperatively. 
Main results: Neutrophil CD11b expression felI following reperfusion ofthe limb (21.4 mcf to 9.7 mcf, p<O.02 Mann 
Whitney U-test) as did neutrophil adhesion (preop. 75% adhesion, postop. 28% p<O.01). However, the plasma elastase 
levels rose from 95 #gfl to 345 #gfl at 4 h and the ACR increased from 5.3 mg/ml to 304.2 mg/ml. The concentration f 
slCAM-1 fell following reperfusion (p<O.04). 
Conclusion: The change in CDllb, slCAM-1 and adhesion may represent a normal immunological response toischaemia/ 
reperfusion. 
Key Words: NeutrophiI activation; Ischaemia-reperfusion; Femorodistal bypass. 
Introduction 
Despite improvements in the clinical management of
the ischaemic limb, it is still associated with a high 
morbidity and mortality. The immediate outcome of 
limb and patient survival depends on many factors, 
one of which may be the presence of a metabolic 
syndrome secondary to ischaemia-reperfusion. 
The vascular endothelium plays a pivotal role in the 
development of the ischaemia-reperfusion syndrome 
(IRS). It directs the accumulation ofleucocytes through 
various means, particularly by the expression of spe- 
cific cell surface adhesion molecules and release of 
chemoattractant/activator m lecules to form an "ad- 
hesion cascade". 1 
The initial phase of the sequestration of circulating 
neutrophils in the microvessels of systemic organs 
begins with constitutively expressed neutrophil L- 
selectin receptors binding to the postcapillary venule 
* Please address all correspondence to: Mr J.I. Spark, FRCS, Vascular 
Laboratory, Lincoln Wing, St. James's University Hospital, Leeds 
LS9 7TF, U.K. 
endothelial P-selectin and E-selectin receptors. This is 
the first phase of neutrophil adhesion, and is mani- 
fested by the neutrophil rolling along the venular 
luminal surface. 2 The second phase of neutrophil ad- 
hesion occurs after upregulation of the CDl l /18 in- 
tegrins and shedding of L-selectin from the neutrophil 
surface, caused by the release of proinflammatory 
cytokines and eicosanoids from the damaged endo- 
thelial cells. 3'4 This halts neutrophil rolling by pro- 
viding strong neutrophil-endothelial cell adhesion 
through the interaction of the CD11b/CD18 integrin 
with the endothelial receptor, intercellular adhesion 
molecule 1 (ICAM-1). 5 Finally, transmigration occurs, 
which involves both a chemotactic stimulus such as, 
interleukin-8, and binding to the platelet-endothelial 
cell adhesion molecule-1 (PECAM-1). 6 
Increased neutrophil adhesiveness is a critical early 
step in the sequence of events leading to neutrophil- 
mediated injury. 7 In the setting of ischaemia-re- 
perfusion, these vents may combine to produce micro- 
vascular occlusion and tissue injury. The purpose of 
this study was to determine the effect of reperfusion 
during femorodistal surgery on, neutrophil expression 
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of the CD11b receptor, in vitro neutrophil adhesion 
and the plasma concentration of soluble ICAM-1. 
Microalbuminuria, expressed as a creatinine ratio 
(ACR) was measured as a known marker of vascular 
permeability and therefore ndothelial injury. 8 Plasma 
neutrophil elastase levels were measured as evidence 
of neutrophil activation. 
Methods 
The protocol used in this study was approved by the 
local ethics committee. Twenty-five patients, 16 men 
and nine women with a median age of 72 years (range 
54-82 years) undergoing elective femorodistal bypass 
surgery for chronic critical eg ischaemia were studied 
prospectively. All patients had rest pain requiring 
regular analgesia of more than 2 weeks duration (me- 
dian 6 weeks, range 3-10 weeks). None of the study 
group had evidence of tissue loss. 9 There were nine 
femorodistal popliteal bypass grafts, five femoro- 
peroneal, four femoroposterior tibial, four femoro- 
anterior tibial and three femorolateral plantar artery 
grafts. Fourteen were performed with a reversed vein 
graft, seven with polytetrafluoroethylene (PTFE) and 
a Miller vein cuff, three composite grafts of PTFE and 
saphenous vein and one PTFE only graft. All patients 
received preoperative antibiotic prophylaxis with 
metronidazole 500 mg iv and cefuroxime 1.5 gm iv, 
which was continued for three postoperative doses. 
The anaesthetic agents and epidural analgesia used 
were standardised in all cases. The median cross- 
clamp time was 55 rain (range 35-76 rain) and the 
length of operation was 210 rain (IQR 150-240 rain). 
Design of study 
Peripheral venous blood and urine specimens were 
collected from patients preoperatively, on induction 
of general anaesthesia, immediately after clamping 
the common femoral artery, immediately after clamp 
release and 1, 2 and 4 h later and on days 1, 3, 5, 
and 7 postoperatively. All the samples were placed 
immediately on ice. Plasma samples for sICAM-1 and 
elastase and urine for ACR levels were stored at - 20°C 
until time of assay, all other tests were performed 
within 4 h of venepuncture. 
Measurement ofCD11b expression 
Neutrophil CD11b expression was measured as pre- 
viously described. 1°The samples were analysed with 
a flow cytometer (Epics-XL. Coulter Electronics, U.K.) 
using acquisition software (XL. Coulter Electronics, 
U.K.). The granulocyte population in the samples were 
identified from their patterns of forward and 90 ° light 
scattering and these signals were used for gating so 
that fluorescence signals from neutrophils alone were 
analysed. 
Frequency distributions of the intensity of fluor- 
escence from individual cells were collected. The me- 
dian channel number was determined for each sample. 
The intensity of fluorescence for neutrophils labelled 
with a specific antibody was determined relative to 
the intensity of fluorescence for cells labelled with a 
non-specific antibody. 
Measurement ofPMN adhesion 
Neutrophil adhesion was measured preoperatively 
and postoperatively on day 1. The method used has 
been described in detail by Santini et al. in which 
the alkaline phosphatase activity of adherent cells is 
measured. 11Briefly, the neutrophils were isolated by 
centrifugation over layers of Histopaque 1119 and 1077 
(Sigma Chemical Co., U.K.), as described by English 
and Anderson, and finally resuspended at a con- 
centration of i x 10 6 cells/ml. 12 Serial dilutions of this 
suspension were made to produce a standard curve. 
One hundred microlitre aliquots of the test sample 
and the standard curve were then added to a plastic 
96 well microtitre plate coated with 50 gl of gelatin. 
The plate was incubated for 30 rain in 5% CO2 at 37°C. 
The non-adherent eutrophils from the test wells were 
then washed off with Dulbecco's phosphate buffered 
saline (Sigma, Dorset, U.K.). A 100 ~tls of the neutrophil 
alkaline phosphatase substrate (1 rag/m1 sodium-p- 
nitrophenyl phosphate (Sigma) in diethanloamine buf- 
fer (1 M, pH 9.8)) was added to the wells. After in- 
cubation at 37°C for 30 rain the reaction was stopped 
by the addition of 2 N NaOH. The optical density was 
then read at 405 nm on a ELISA plate reader. The 
adherent fraction in the test wells was calculated by 
reference to the standard curve and expressed as a 
percentage of the total number of neutrophils added 
to each well. 
Cell viability, determined by the exclusion of trypan 
blue dye, was found to be 94% and 91.8% at the 
beginning and end of the assay. The assay re- 
producibility was acceptable, intra-assay coefficient 
of variation <8%; inter-assay coefficient of variation 
<11%. 
Eur J Vasc Endovasc Surg Vo113, April 1997 
Neutrophil Activation and Adhesion during Surgery 409 
PMNelastase 
The plasma concentration of neutrophil elastase in 
complex with c~ proteinase inhibitor was determined 
using an "in-house" ELISA developed in the De- 
partment of Chemical Pathology and described in 
detail elsewhere. I3 The precision within runs (CV) was 
4.5% and between runs 4.9%. 
Medicine (ACCP/SCCM), was 16% (4 cases of chest 
infection). 14 There were no graft occlusions or am- 
putations during the course of the study period. 
Early in the course of the study, simultaneous blood 
sampling from arterial and venous ites was performed 
in seven patients. Analysis of neutrophil CDllb, ad- 
hesion and sICAM-1 in these samples howed no site- 
dependent (i.e. arterial vs. venous) differences (Table 
1). 
Measurement ofslCAM-1 
Plasma levels of sICAM-1 were analysed by sandwich 
ELISA according to the instructions of the manu- 
facturer (R&D Systems Europe Ltd.) with an intra- 
assay precision (CV) of 3.3%. The sensitivity of the 
assay is <0.35ng/ml. The results are expressed as 
nanogramms per millilitre. 
Albumin excretion 
Urinary microalbumin was measured using a radio- 
immunoassay (Diagnostic Products Corporation, Wal- 
lingford, U.K.). The intra-assay coefficient of variance 
of this technique was 3.5% at 9.4 mg/1 with a limit of 
detection of 0.9rag/1. Albumin excretion was ex- 
pressed as the albumin/creatinine ratio (ACR) to com- 
pensate for changes in urinary flow during the 
investigation (normal upper limit of ACR = 1.0). 
Other assays 
Leucocyte counts, differentials and neutrophil ma- 
turity were determined by standard procedures. 
Statistical analysis 
Results are expressed as medians and interquartile 
ranges and analysed using a Kruskal-Wallis ANOVA 
and Wilcoxon's igned rank sum test for paired data. 
CD11b expression 
During the course of the surgical insult the median 
level of neutrophil CD11b expression rose (10.4 MCF 
to 21.4 MCF; p<0.05 Wilcoxon matched paired test). 
However, following reperfusion of the ischaemic leg 
the CD11b expression fell significantly (21.4 MCF to 
9.7 MCF 4 h post reperfusion, p<0.02 and to 6.7 MCF 
on day 1, p<0.01). In the postoperative phase the CD11b 
expression gradually returned to the preoperative l vel 
(Fig. 1). 
Neutrophil adhesion 
PMN adhesion was measured. Preoperatively there 
was 75% (IQR 55%-95%) adhesion. Following re- 
perfusion of the ischaemic leg the PMN adhesion fell 
on the first postoperative day to a median of 28% (IQR 
8.5%-45%) (p<0.01 Wilcoxon matched paired test). 
A Spearman's rank correlation test revealed a pos- 
itive correlation between the differences in PMN ad- 
hesion 24 h after reperfusion versus preoperative l vels 
and the differences in PMN CD11b expression 24h 
after reperfusion vs. the level at the time of cross 
clamp removal (rs = 0.59, p<0.05). Thus, patients with 
the greatest fall in CD11b also had the greatest fall in 
PMN adhesion. 
Results 
Patient demographics 
The incidence of sepsis/systemic nflammatory re- 
sponse syndrome, as proposed by the American Col- 
lege of Chest Physicians-Society of Critical Care 
PMNelastase 
Figure 2 shows the serial changes in PMN elastase- 
% antitrypsin complex. The levels increase from a 
preoperative median of 41.25 gg/1 to 253.4 ~tg/1 at I h 
(p<0.001 Wilcoxon matched pairs) rising to a maximum 
of 342.6ttg/1 at 4h (p<0.001) and returning to the 
preoperative l vel by day 5. 
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Tab le  1. Ar ter ia l  (a) and  venous  (v) leve ls  o f  CD11b and  s lCAM-1  (p=N.S.). 
Preoperative Induction Clamp on Clamp off 1 h 2 h 4 h day 1 day 3 day 5 day 7 
CD11b(v) 12.4 15.9 20.9 28.4 18.3 12.5 10.6 6.9 7.4 11.2 14.4 
CDllb(a) 11.6 16.7 21.3 27.8 17.3 11.8 10.1 6.39 6.9 10.7 16.7 
slCAM(v) 400 425 415 310 200 155 175 209 305 356 490 
sICAM(a) 410 435 420 300 210 151 180 204 309 350 480 
c~ 
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Fig. 1. Changes in neutrophil CD11b expression during the course of the study. (Preop = preoperative, Ind = induction, Xon = common 
femoral artery cross clamp on, Xoff = cross clamp removed). Horizontal bars represent median values, p<0.01 Kruskal-Wallis analysis 
of variance. 
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Fig. 2. Plasma concentration f neutrophil elastase ~tg/1 during the course of the study. (Abbreviations as Fig. 1.) Horizontal bars 
represent median values, p<0.01 Kruskal-Wallis analysis of variance. 
slCAM-1 plasma concentration 
The level  of s ICAM-1 fell s ign i f i cant ly  dur ing  the first 
hour  of reper fus ion  f rom a preoperat ive  med ian  level  
of 380ng/ml  to 205ng/ml  (p<0.04 Wi lcoxon  pa i red  
test) and  gradua l ly  re turned  to the preoperat ive  va lues  
by day 7 (Fig. 3). The change in plasma concentration 
over the study period was statistically significant 
(p<0.01 Kruskal-Wallis ANOVA). 
A Spearman's rank correlation test revealed a pos- 
itive corre lat ion  between the di f ferences in  s ICAM-1 
concent ra t ion  at i h vs. p reoperat ive  levels  and  the 
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Fig. 3. Plasma concentration f sICAM-1 during the course of the study. (Abbreviations a  Fig. 1.) Horizontal bars represent median 
values, p<0.01 Kruskal-Wallis analysis of variance. 
differences in PMN CD11b expression 24h after re- 
perfusion vs. the expression at the time of cross clamp 
removal (rs = 0.64, p<0.05). 
Albumin creatinine ratio 
The median ACR increased from 6.4mg/ml 
(l~6.9mg/ml) preoperatively to a maximum of 
305 mg/ml (110-440 mg/ml) at lh  after reperfusion 
of the ischaemic leg (p<0.001 Wilcoxon matched paired 
test). The ACR fell rapidly to 120 mg/ml (65-200 rag/ 
ml) at 2h and 65mg/ml (10-100mg/ml) at 4h. 
Twenty-four hours after reperfusion of the leg the 
ACR was 5.4 mg/ml (1-6.1 mg/ml) (p>0.05 compared 
with preoperative l vels). 
Total neutrophil count 
During the first 24 h of the study there was a slight 
fall in the total neutrophil count that did not reach 
statistical significance, 8.6x109 PMN count pre- 
operatively (4.6-10.6 x 10 9 cells) which fell to 7.8 x 10 9 
cells at 4 h (4.7-9.6 x 10 9 cells) and 7.1 x 109 PMNs at 
day 1 (4.1-9.9 x 10 9 cells). After the first postoperative 
day the neutrophil count rose to 12.4x 10 9 cells 
(5.8-13.6x109 cells) on day 3 (p>0.05 Wilcoxon 
matched paired test). There was no increase in im- 
mature neutrophils to account for the change in CD11b 
expression. 
Discussion 
Reperfusion of a large amount of ischaemic tissue 
results in neutropenia, locally increased permeability 
and remote lung injury characterised by non-car- 
diogenic pulmonary oedema. 1~ Both local and systemic 
damage are associated with neutrophil accumulation 
in the microvasculature. There is abundant evidence 
that neutrophils are responsible for the injury, with 
the depletion of circulating neutrophils effectively pre- 
venting increased permeability and oedema forma- 
tion. 16 Neutrophil-endothelial cell interactions are 
therefore a prerequisite for the microvascular injury 
induced by ischaemia-reperfusion. 
The mechanism of neutrophil accumulation and 
neutrophil-mediated injury in ischaemia-reperfusion 
remains unsolved. It is thought hat increased neutro- 
phil adhesiveness is a key factor. Enhanced neutrophil 
adhesion to endothelium is seen in post-capillary ven- 
ules during ischaemia with a more pronounced re- 
sponse following reperfusion. 17
In this study patients undergoing femorodistal by- 
pass for critical ischaemia had a high level of neutro- 
phil adhesion. This may represent activation of the 
neutrophils by the ongoing ischaemia. 
During the course of the surgical insult the PMN 
adhesion receptor CD11b expression rose significantly, 
as has been previously reported. 1°However, following 
reperfusion there was a subsequent drop in CD11b 
expression, which correlated with a decrease in neutro- 
phil adhesion and a fall in the plasma concentration 
of sICAM-1. 
However, there was also a significant rise in the 
plasma concentration ofPMN elastase and an increase 
in the urinary ACR following reperfusion. Activated 
neutrophils, i.e. those expressing the adhesion 
molecule CD11b, adhere to and migrate across the 
endothelium causing local destruction by releasing 
proteolytic enzymes (elastase, collagenase, cathepsin 
G) and free radicals. It has been proposed that changes 
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in renal permeability oplasma proteins reflect overall 
vascular permeability rather than isolated renal dis- 
ease. s From these results it appears that neutrophils 
are activated and adhering following reperfusion, re- 
sulting in an increase in plasma elastase and vascular 
permeability. These changes are not reflected in the 
peripheral neutrophil level of CD11b expression or 
adhesion or in the surrogate marker of endothelial 
damage, sICAM-1 concentration. This may represent 
sequestration of the activated neutrophils (with the 
high CDllb expression) in the lungs. As a result of the 
neutrophil-endothelial cel interaction less endothelial 
ICAM-1 is shed. This hypotheses assumes that the 
population of neutrophils present in the lung are 
"different" from those in the peripheral circulation, 
i.e. have a higher CD11b expression and are more 
adherent. A recent study confirmed this by dem- 
onstrating that neutrophils recovered from the pul- 
monary vascular bed of LPS-infused animals differ 
from those of the peripheral circulation, being more 
adherent, primed for excess superoxide generation, 
and demonstrating increased mRNA expression of IL- 
113. is 
However, in our study there was no change in the 
neutrophil count making PMN sequestration i the 
lungs unlikely. Furthermore, the clinical course of the 
majority of patients was not impaired by pulmonary 
complications. The plasma concentration f sICAM-1 
has been found to be increased in patients with sepsis 
and correlates with the severity of organ damage, 
again in our study the concentration f sICAM-1 fell. 19 
A further hypothesis may represent a normal 
physiological response to the I/R. The shed endothelial 
sICAM-1 receptor binds to the neutrophil CD11b in- 
tegrin thus blocking adhesion and producing an ap- 
parent decrease inPMN CDllb expression and plasma 
sICAM-1 concentration. 
This theory provides a further regulatory role for 
the endothelial cell and would mean that slCAM-1 
shedding is independent of cell injury. ~9 It may also 
help to explain the transient increase in the ACR and 
plasma elastase concentration. Further clinical studies 
are needed to define the implications of ICAM-1 shed- 
ding from cell surfaces during periods of extreme 
cellular stress. 
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